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The reactions between polycarbonate (PC) and polystyrene-block-poly(ethylene-butylene)-block-polystyrene-grafted-
maleic anhydride (SEBS–g–MAH) is a novel, convenient, solvent-free, and easy way to create SEBS–g–PC in order to
compatibilize polystyrene and PC blends. This study determines the most efﬁcient catalyst among Tin (II) bis(2-ethyl-
hexanoate) (SnOct2), 1,5,7-Triazabicyclo[4.4.0]dec-5-ene (TBD), Titanium tetrabutoxide (Ti(OBu)4) and Sodium 4-
hydroxybenzenesulfonate dihydrate (SHBS) in the molten state at 220 °C. From 20 to 30wt% of SEBS-g-MAH (or
KFG) chains became insoluble. The size exclusion chromatography analyses showed the formation of a double distribu-
tion due to PC chains scission and grafting reactions onto SEBS–g–MAH with the exception of the Ti(BuO)4 use. Fine
microstructures with a percolation effect proved the efﬁciency of both the TBD and the SnOct2. The PC transition tem-
perature decreased in at least 10 °C, conﬁrmed that only SnOct2 and TBD were efﬁcient to catalyze the grafting reac-
tions. No evolution was observed with the SHBS and Ti(OBu)4.
Keywords: grafting; polycarbonate; PC; polystyrene-block-poly(ethylene-butylene)-block-polystyrene; SEBS; anhydride;
carbonate; catalyst
Introduction
To develop new polymer materials for speciﬁc applica-
tions, the most economic route is the polymer blend.
Indeed, it offers a facility to adjust the composition to
speciﬁc applications.[1,2] Some polymer blends may
achieve high performances from synergetic interacting
polymers, but in most cases, the polymers are fully
immiscible with coarse morphology, poor adhesion, and
sharp interfaces. Miscibility and compatibility of a poly-
mer blend must be clearly differentiated. A miscible
blend induces a homogeneous polymer blend down to
the molecular scale, while a compatible blend is a practi-
cal term indicating desirable and useful properties from a
commercial point of view.[1] However, it is well-known
[1,3,4] that the miscibility between two polymers is
widely dependent of the temperature, the viscosity ratio
and the blend composition. But, in most cases, the
immiscibility leads to heterogeneous morphologies. The
ﬁnal properties of the blend are then determined in rela-
tion with the type and the dimension of the morpholo-
gies, typically drop/matrix morphologies that improve
the impact strength, and the adhesion at the interface.
Viscosity ratio, yield stress, interfacial tension coefﬁ-
cients, orientation effect in ﬂow, and rate of cooling are
the parameters that affect the ﬁneness of a structure.[1,2]
There are two common ways to compatibilize poly-
mer blends.[5] The ﬁrst one is the addition of a graft or
block copolymer.[6–12] To form a graft copolymer, two
strategies exist, the grafting from between polymers
[13–21] and the grafting onto,[22–29] with a polymer
bearing an initiating function previously induced by
ozonolysis or irradiation.[30,31] A coupling reaction
through a function can also be used to generate speciﬁc
functions onto a polymer chain moiety to then start a
grafting from or a grafting onto. For example, an anhy-
dride function from maleic anhydride can be grafted onto
polyoleﬁns by free-radical transfer reactions.[32,33] A
third attractive strategy, by a continuous process, consists
to synthesize, in situ, a block or graft copolymer at the
interface between the immiscible polymers.[24,34–46]
Reactive extrusion can then be used with the advantage
to combine simultaneously both the blending and the
chemical reaction with short residence times. These reac-
tions often happen between two functional groups
located at the end of the polymer chains.[47]
Some attempts to create compatibilizers for PS/PC
blends had been made. Block copolymers (PS–b–PC)
were synthesized by an anionic styrene polymerization
accompanied by a hydroxyl group endcapping and fol-
lowed by a subsequent reaction with phosgene and
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bisphenol A.[48,26] PS–b–PC–b–PS was also synthe-
sized by ATRP of styrene using polycarbonate having
two 2-bromoisobutyryloxy endings or side groups as ini-
tiating sites.[49] The melt polycondensation of a styrene
macromonomer with hexylene diphenyl dicarbonate to
obtain some PC–g–PS was also studied.[50] Pu et al.
obtained PC–g–PS through a PS irradiation to graft it
onto PC.[51] PS grafts were also synthesized by styrene
radical polymerization onto irradiated PC from created
radical sites.[52–62]
SEBS–g–MAH is a preformed immiscible terpoly-
mer, with PC, widely used in the ﬁeld of compatibiliza-
tion of styrenic polymers, polyoleﬁns, and polyamides.
But this terpolymer was never used to compatibilize PC/
PS blends. The strategy presented in this study is to per-
form reactions involving the carbonate functions and the
pendent anhydride maleic groups to obtain a SEBS–g–
PC compatibilizer. Reactions between carbonate and
anhydride functions are not common, but Berti et al.
[63] already studied them through model molecules to
synthesize oligomers containing ester functions. Tin (IV)
dibutyl dimethoxy or Titanium (IV) butoxide were used
as catalyst between 250 to 300 °C, and with reaction
times varying from 15min to 2 h.
The reaction between anhydride and carbonate func-
tions led indirectly to ester functions. Keto-carbonate
groups were formed with the second carbonyl of the cyc-
lic anhydride, to ﬁnally undergo a decarboxylation with
the formation of a second ester function. The decarboxyl-
ation was observed by Berti et al. [63] whatever the anhy-
dride or carbonate structures used. These reactions were
performed in the melt between PC and succinic anhydride
[64] to insert aliphatic units onto polycarbonate chains. Ti
(OBu)4 induced a degradation reaction of the PC chains
since a decrease in the molecular weights was observed.
The decarboxylation reactions of both ethylene and
propylene carbonate with an anhydride and catalyzed by
the basic N-methylimidazole were also observed.[32]
The ethylene carbonate decarboxylation formed ethylene
glycol, which then reacts by esteriﬁcation with one mole-
cule of anhydride to form 2-hydroxyethyl 2-methylprope-
noate. This product reacted itself by another
esteriﬁcation reaction with a second residual anhydride
to form ethyl 1,2 bismethacrylate. Ethylene carbonate
and the formed 2-hydroxyethyl 2-methylpropenoate
totally disappeared by an esteriﬁcation with longer reac-
tion time and an anhydride excess. The carbonate decar-
boxylation is also well known in the case of
trimethylene carbonate monomer that produces 1,3-pro-
panediol.[65,66]
According to the existing literature, the grafting of
polycarbonate chains onto SEBS–g–MAH appears to be
possible by a direct [64] or indirect [32] carbonate/
anhydride reaction and is probably accompanied by a
decarboxylation reaction.
If the reaction between a PC and an anhydride has
already been observed, no evident mechanism has been
deﬁnitely proved and can be validated. Then, the differ-
ent catalysts used in this study are only expected to
induce a reaction between these functions and their efﬁ-
ciency will be compared. Since lots of reactions can be
observed, a reaction scheme will be suggested taking
account the previous cited references. In particular, the
possible decarboxylations of the carbonate functions may
produce alcohol or intermediates like keto-ester or keto-
carbonate that could be formed by a direct carbonate –
anhydride reaction. These keto-esters or keto-carbonates
could ﬁnally lead to ester functions also by decarboxyl-
ation. The used organometallic catalysts will be also con-
sidered to generate alcoholate or carboxylate as
nucleophiles or strong basis. Since all the previous stud-
ies involving the 1,5,7-triazabicyclo[4.4.0]dec-5-ene
(TBD) as catalysts did not evidence a clear and deﬁnitely
approved mechanism, its very possible efﬁciency will be
certainly complicate to explain. Consequently, the graft-
ing of PC chains onto a SEBS–g–MAH could occur
through lots of parallel and possible reactions, particu-
larly if ester functions are present on both the starting
materials since they can also react by transesteriﬁcation
with other esters, carbonates or alcohols if these last ones
are present.
The grafting reaction of PC chains onto SEBS chains
through carbonate-anhydride reactions is a novel and
alternative way to prepare a compatibilizer for PC/PS
blends. In this study, the reactive mixing is performed in
the melt in internal mixer, in order to choose the most
efﬁcient catalysts which will be tested in a reactive
extrusion process. The discussion about the efﬁciency of
the grafting takes in account the scission of PC chains
and their reorganization through intermolecular transeste-
riﬁcations which occur all along the reactive mixing with
catalysts. Solubility tests, size exclusion chromatography
(SEC), rheological, and thermal analyses are carried out
to determine whether or not the SEBS–g–PC chains are
created during the reaction.
Materials
Reagents
The polycarbonate was purchased from Chimei-Asahi
with the commercial name Wonderlite® PC–122. It is an
injection grade with a melt ﬂow index of 22 gmin1
(with 1.2 kg at 300 °C).
The polystyrene-block-poly(ethylene-butylene)-block-
polystyrene-grafted-maleic anhydride (SEBS–g–MAH)
was purchased from KratonTM and with a KFG 1901G
commercial name. It is a clear and linear triblock
terpolymer with a polystyrene content of 30wt%. The
maleic anhydride bounded is about 1.4 to 2wt% onto
the poky(ethylene-butylene) blocks.
2 C. Chevallier et al.
The properties of both PC and KFG are resumed in
the Table 1.
The viscosity ratio between PC and KFG at 220 °C
and a shear rate of 15 s1 (corresponding to the blending
conditions) is 8.49. It is calculated from frequency sweep
rheological tests, at 15 rad s1.
Tin (II) bis(2-ethylhexanoate), also generally called
stannous octanoate (SnOct2), TBD, Titanium tetrabutox-
ide (Ti(OBu)4) and Sodium 4-hydroxybenzenesulfonate
dihydrate (SHBS) were purchased from Aldrich and used
as received.
Equipments
Batch reactions
Batch reactions were carried out in a Thermo Haake
internal mixer (70 cm3 chamber with two corotating
screws) at 220 °C for 63min with a mixing rate at
30 rpm. 25.74 g of PC and KFG (calculated for a volume
of 50 cm3 with a density for PC of 1.2 g cm3 and for
KFG of 0.912 g cm3) were introduced into the thermo
Haake chamber (70 cm3, ﬁlled at 70 vol%). The torque to
mix at a constant rate was recorded. It was directly in
relation with the viscosity of the reactive system. Once
the torque was stabilized (complete melting of the pel-
lets, around 2min), the chosen catalyst (0,5mol% of the
carbonate functions) was added to the molten bulk and
the reaction time was started. The weight percentage of
each species is depicted in the Table 2. A few grams of
the mixture were withdrawn every 10min, starting 1min
after introducing the catalyst.
Characterizations
Differential scanning calorimetry
Differential scanning calorimetry (DSC) was carried out
with a Q10 TA Instruments with ramps at 10 °Cmin1
under helium ﬂow. A ﬁrst heating ramp from 40 to
250 °C was performed with a cooling ramp until 150 °
C, and a last heating ramp to 250 °C. This ramp was
chosen to measure the melting points and glass transition
temperatures.
Size exclusion chromatography
Molecular weights and intrinsic viscosities were deter-
mined by high temperature SEC Waters Alliance GPC
2000, equipped with three columns Shodex: HT 803,
HT804, and HT 807 with a viscometer as detector. The
detections were performed with a differential refractome-
ter coupled with a viscometer. The eluent was trichloro-
benzene (TCB) at 1mLmin1 and 160 °C. The
concentration of the samples was around 3mgmL1 and
the dissolutions were previously achieved at 160 °C. The Ta
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baselines correspond to a relative viscosity equal to 1.
The chromatograms were then normalized to display the
same area.
Dynamic mechanical spectroscopy
Dynamic mechanical spectroscopy measurements in the
molten state were carried out with a strain-controlled
Rheometrics Scientiﬁc ARES system equipped with par-
allel plates geometry of 25mm diameter. The gap was
ﬁxed near 2mm, and the strain was ﬁxed at 5% at
220 °C. Frequency sweep tests were recorded at 220 °C,
after strain sweep tests to determine the linear viscoelas-
ticity domain of the materials. Time sweep tests were
also performed to ensure the end of the reaction.
Rectangular bars (length 50mm, width 10mm, thick-
ness 2mm) were prepared, for rheology in solid state,
from pressed samples at 200 bars and 200 °C for 10min.
Dynamic temperature sweep tests were chosen with
strain amplitudes of 0.1% at 100 °C to about 2% at
200 °C to keep the measured torque at a sufﬁcient level
and to stay in the linear viscoelasticity domain of the
material. The ramp temperature was 3 °Cmin1 from
100 to 200 °C with a ﬁxed auto-tension at a constant
frequency at 1.0 rad s1. The same Rheometrics Scientiﬁc
ARES system was used but the dynamic shear was
applied using rectangular torsion tool.
Microscopy
The Scanning Electronic Microscopy (SEM) was per-
formed with a Hitachi S–3000N in order to observe the
morphologies of cryofractured samples. A selective
extraction was ﬁrst achieved to remove the KFG from
the samples in cyclohexane for 2 days. The samples were
then dried under vacuum at room temperature for 3 days.
The surfaces were covered by a gold–palladium layer
prior to analysis.
Weight loss tests
The samples were dived in cyclohexane for 4 days with
a solvent replacement after two days. They were then
dried under vacuum at 40 °C for 4 days. They were
weighed before and after the drying. The drying was
stopped when the weight, measured every twelve hours
during the last two days, did not evolve anymore.
Results and discussion
In this study, several catalysts were used to graft PC
onto SEBS–g–MAH through a chemical reaction
between carbonate and anhydride functions and com-
pared in order to determine the most efﬁcient one.
SnOct2, TBD, Ti(OBu)4, and SHBS, a nontoxic catalyst,
were tested. Their efﬁciency have been studied at several
reaction times in the molten state in an internal mixer, to
ﬁnally choose the most efﬁcient to perform these reac-
tions by a reactive extrusion process. The reactive sys-
tems were composed by 50wt% of each polymer (PC
and KFG), and 0.5mol% of catalyst was each time
added in reference to the carbonate functions (Table 2).
The measured torque to mix did not change during the
mixing time and then was not high enough to be pre-
sented. As presented in the introduction, numerous possi-
ble reactions can occur during the process, also
depending to chosen catalyst. It is often described that
organometallic catalysts or strong bases like TBD are
able to cut polyester or polycarbonate chains. In particu-
lar, the catalysts that are able to cut polymer chains are
also efﬁcient catalysts or initiators for ring-opening poly-
merizations. Non-exhaustive schemes are presented in
Schemes 1 and 2 to suggest how these reactions may
occur. Carboxylates and alcoholates could come from the
used organometallic catalysts whereas the TBD could act
as the N-methylimidazole.[32] Alcohol or acid could be
formed either from the cut PC chains as shown on the
Scheme 1 or from the MAH after its reaction (Scheme 2).
Alcohol functions are also present from the beginning at
the end of PC chains.
To graft some PC chains onto the SEBS–g–MAH
through the anhydride functions, different possibilities
can be considered (Scheme 2). An esteriﬁcation between
an anhydride and an alcohol is the most obvious
(Scheme 2). Some alcohol functions from the PC end
chains (Scheme 1) can react with the anhydride func-
tions. Such esteriﬁcations can occur without catalysis or
can be catalyzed with acid or Lewis bases to generate
ester functions as linkage points. The second possibility
should be a direct reaction between the anhydride and
the carbonate functions to form grafts through keto-car-
bonate functions (Scheme 2) which can be decarboxyl-
ated into ester functions.[64]
The third and last possible reactions are exchange
reactions that may occur at the same time than the previ-
ous and described reactions. Such reactions could
involve the esters and alcohols produced by the reactions
described by both Schemes 1 and 2. Among them, there
are transesteriﬁcation reactions (ester-ester), alcoholysis
(alcohol-ester),[22] acidolysis (acid-ester) and less-know,
Table 2. Formulations of the ﬁve blends mixed in the internal
mixer at 220 °C, 30 rpm during 63min.
PC
(wt%)
KFG
(wt.%)
Catalyst
(wt.%)
PC+KFG 50 50 -
PC+KFG+TBD 49.96 49.96 0.09
PC+KFG+SnOct2 49.81 49.81 0.37
PC+KFG+SHBS 49.92 49.92 0.16
PC+KFG+Ti(OBu)4 49.84 49.84 0.31
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carbonate-ester transesteriﬁcation.[67–69] This ester-car-
bonate exchange reaction cannot be neglected since ester
functions may be created by esteriﬁcation with the anhy-
dride functions or by decarboxylation reactions
(Scheme 2). Acidolysis are commonly described as inef-
fective.[67–69]
Scheme 1. Carbonate reactions with alcohol/alcoholate or acid/carboxylate.
Scheme 2. Reactions involving anhydride functions.
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To graft PC chains onto the SEBS–g–MAH, a ‘sim-
ple’ anhydride-carbonate reaction [63,64] could be
enough but as presented previously, numerous other
reactions are possible. As four different catalysts or initi-
ators will be tested in this study, it is not possible to dis-
cuss for each one which plausible scheme can be
suggested since there is not enough knowledge to fully
understand the mechanism. From the experimental
results, evidences will be discussed.
Composition of the reactive system at end of reaction
The reactive system was composed by two immiscible
polymers, but there were mixed together in the molten
state under shear. Then, the interface was continuously
regenerated and all the reactive functions were normally
accessible during the reaction time. That is why all the
KFG chains are expected to be statistically grafted onto
their backbone with the same rate. Cyclohexane is a
selective solvent which dissolves only the KFG, allowing
weight loss tests to control if unreacted KFG is present
at the end of the reaction.
The reactive blends were entirely solubilized in the
chloroform and then precipitated in the cyclohexane.
The insoluble fraction in cyclohexane was collected and
the soluble one was dried to obtain the second fraction
of the material. The solubility tests of both the blank
blend (PC +KFG without catalyst) and the reactive blend
PC+KFG+Ti(OBu)4 showed that soluble fraction in
cyclohexane analyzed by DSC contains KFG only. The
insoluble fraction was composed by polycarbonate only.
Both the initial polymers were well separated by the
cyclohexane, and no reactions affected the solubility of
the neat KFG in the blend catalyzed with Ti(OBu)4.
With TBD, SnOct2 or SHBS, some pure KFG chains
remained soluble in cyclohexane. The insoluble fractions
contained both the grafted KFG and PC. The KFG
chains became insoluble in cyclohexane, due to their
efﬁcient reaction with the PC catalyzed either by TBD,
SnOct2 or SHBS.
The percentages of ungrafted KFG chains were deter-
mined by weight loss tests through the soluble fraction
in cyclohexane. The results are depicted in Table 3.
The blend without catalyst remains at 46wt% soluble
in the cyclohexane, which is very near the initial per-
centage of KFG (50wt%), whereas it decreases below
30wt% with TBD, SHBS, and SnOct2. From the weight
loss tests, it is proved that the PC chains, initially intro-
duced in the blend, were grafted onto SEBS backbone to
form SEBS–g–PC comb structures (19.5 wt% with TBD,
28.15wt% with SHBS and 27.3wt% for SnOct2). These
simple tests evidence a better efﬁciency of TBD, SnOct2,
and SHBS as catalysts for the carbonate/anhydride reac-
tions than Ti(OBu)4. These tests also reveal that three
kinds of polymers are present in the ﬁnal blends: pure
PC, pure KFG, and KFG–g–PC. In spite of the large
number of anhydride pendent and available functions all
along the SEBS chains, some KFG chains were not
grafted enough to be insoluble. The main plausible
assumption to explain these observations is the formation
of KFG nodules, in which the core remains ungrafted
because it is impossible to ﬁnely break or to strain these
nodules in the internal mixer to regenerate the interfaces
between both the phases. The formation of KFG nodules
will be conﬁrmed by SEM photographs (Figure 3).
Blends microstructures
With Ti(OBu)4 as catalyst
By comparing both chromatograms in hot TCB (Figure 1)
and modulus in the molten state at 220 °C (Figure 2), the
poor efﬁciency of Ti(OBu)4 is conﬁrmed. The storage
and loss modulus remain very near the blank (PC +KFG
without catalyst), and the SEC analyses do not show any
evolution of the molar masses of the reactive blend. This
catalyst is ineffective for the reaction between carbonate
and anhydride functions. This conclusion was reinforced
by the SEM pictures where the microstructure (Figure 3
(b)) is very close to the blank (Figure 3(a)).
Table 3. Weight percentages of the soluble fraction in
cyclohexane, after drying under vacuum for the blank PC
+KFG (50/50wt%), and the reactive blends with TBD (0.09wt
%), SnOct2 (0.37wt%) and SHBS (0.16wt%) mixed in an
internal mixer at 220 °C and 30 rpm during 63min.
Soluble fraction in cyclohexane (wt%)
PC+KFG 45.71
TBD 26.20
SnOct2 18.40
SHBS 17.56
Figure 1. Normalized SEC chromatograms in TCB at 160 °C
of PC+KFG+Ti(OBu)4 (49.84/49.84/0.31wt%) blended in
internal mixer at 220 °C, 30 rpm, at different reaction times d
3min; s 30min;. 63min.
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With SHBS as catalyst
The SEC analysis of the blend PC+KFG+SHBS depicts
an evolution of the molecular weights with the reaction
time (Figure 4). Polymer chains with lower elution times
and consequently higher molecular weight appear when
the reaction occurs. They are attributed to the formation
of SEBS–g–PC in a comb structure by the grafting of
the PC chains onto the SEBS–g–MAH without cuts of
the PC chains. With Ti(OBu)4, it was shown that sponta-
neous grafting reactions do not occur. The SHBS is con-
sequently involved in the molecular weight increase
without observing the cuts of PC chains (Figure 4). In
parallel, the rheological analyses (Figure 5) show a
decrease in both the storage and loss modulus at 63min
that evolve with the same behavior since their shape is
very similar to the blank.
These modulus decreases are ﬁrst in opposition with
the appearance of the highest molecular weights chains
by chromatography, attributed to SEBS–g–PC. To
explain this contradiction, it must be reminded that the
starting PC is 8.5 times more viscous at 220 °C than the
KFG. The contribution of the homopolymers PC chains
is high and then inﬂuences the rheological behavior of
the blends, since the PC is the more viscous polymer
and also constitutes the matrix with a dispersed KFG
phase. If the modulus decrease (Figure 5), it normally
means that the starting PC chains are cut during its graft-
ing onto the SEBS (Scheme 3), some carbonate func-
tions from the PC backbone are then necessarily
involved by simultaneous graftings and cuts of PC
chains but no short homopolymers chains are observed
by chromatography.
To explain these contradictory observations, it must
be considered that the new SEBS–g–PC copolymer is
located at the interface between both the PC and KFG
phases, as seen in Scheme 3 and normally improves the
dispersion of the KFG phase. Anymore, the SEM pho-
tography (Figure 3 (c)) does not clearly show the disper-
sion improvement.
The grafted PC chains branch out towards the matrix
and these grafts contribute to the rheological behavior of
Figure 3. SEM pictures of the reactive blends between KFG and PC after 63min of mixing at 220 °C and after extraction of the
KFG phase in cyclohexane ( 2500) (a) PC+KFG (50/50wt%) (b) PC+KFG+Ti(OBu)4 (49.84/49.84/0.31wt%) (c) PC+KFG
+SHBS (49.92/49.92/0.16wt%).
Figure 2. Storage modulus (.: G′) and loss modulus (r: G′′)
vs. frequency at 220 °C: PC+KFG+Ti(OBu)4 (49.84/49.84/
0.31wt%): d G′ s G′′ after 63min of reaction in internal
mixer (220 °C, 30 rpm).
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the PC matrix. If these grafts are numerous enough, and
short enough, then the PC phase could act as if it’s glo-
bal molecular mass has decreased, leading in the
decrease of the viscosity and then the modulus of the
blend. As the morphology of the blend does not evolve,
the rheological behavior remains the same as the blank
blend but modulus curves are just translated to lower
values as it is explained.
With SnOct2 as catalyst
The chromatograms (Figure 6) reveal the clear apparition
of distributions with high and low elution times com-
pared with the reference. The chains with the shortest
elution times have to be PC oligomers, cut by reactions
involving the carbonate functions in the PC backbone,
while the highest are SEBS–g–PC comb-like structures.
The deconvolution of the three distributions shows that
while the center of the main distribution does not evolve
and the area of the ﬁrst distribution decreases between 4
and 35min to ﬁnally disappear at 63min. In fact, this
ﬁrst distribution shifts to the higher elution times. The
area of the peak corresponding to the chains with the
higher molecular weights, that is, the SEBS–g–PC
chains, decreases over reaction time. First, the PC grafts
surrounding the KFG nodules were long, but the PC
chains cut and their reorganization with the free PC
chains reduces their size by a continuous and possible
carbonate-carbonate exchange reaction that redistributes
the PC grafts length. At the end of the reaction, the PC
grafts become very short, and the molecular weights dis-
tribution of the SEBS–g–PC overlays the main distribu-
tion. This permanent redistribution reaction of the PC
chain is also observed with the homopolymer PC of the
Scheme 3. Representation of the KFG nodules surrounded by
SEBS-g-PC brushes at the interface with the PC matrix.
Figure 6. Normalized SEC chromatograms in TCB at 160 °C
of PC+KFG+SnOct2 (49.8/49.8/0.37wt%) blended in internal
mixer at 220 °C and 30 rpm at different reaction times d 4min;
s 35min; . 63min.
Figure 4. Normalized SEC chromatograms in TCB at 160 °C
of PC +KFG+SHBS (49.92/49.92/0.16wt%) blended in
internal mixer at 220 °C, 30 rpm, at different reaction times d
3min; s 30min; . 63min.
Figure 5. Storage modulus (.: G′) and loss modulus (r: G′′)
vs. frequency at 220 °C: PC+KFG+SHBS (49.9/49.9/0.16wt
%): d G′ s G′′ after 63min of reaction in internal mixer (220 °C,
30 rpm).
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matrix. Indeed, the center of the distribution shifts to the
high elution times.
The rheological analyses show a clear percolation
effect (Figure 7). Indeed, the modulus of the reactive
blend at low frequency demonstrates a slower decrease
comparatively to the blank (between 100 and
0.06 rad s1, the loss and storage modulus decrease from
18,000 to 2000 Pa and 36,000 to 8000 Pa, respectively,
for the reactive blend, and from 94,000 to 3000 Pa and
121,000 to 5000 Pa, respectively, for the blank). This
percolation cannot be observed by SEM microscopy,
since the technique does not allow sufﬁcient magniﬁca-
tion to observe very ﬁne dispersion. This is due to the
rapidity of the creation of SEBS–g–PC which maintains
the ﬁneness of the structures and allows the percolation
of the KFG nodules in the matrix. Comparatively to the
blank, the modulus values are lower with SnOct2, since
the same contribution of the PC grafts in the matrix is
expected (Figure 13). Consequently, the same explana-
tion given for SHBS is still accurate with, in addition
the contribution of the free homopolymers chains that
are formed and observed by chromatography.
With TBD as catalyst
The SEC analyses (Figure 8) show the appearance of
chains with higher and lower elution times than the prin-
cipal distribution. But the kinetics of the reactions are
quite different when the reaction time increases. The
polymer chains with the highest molecular weights con-
tinuously increase with the reaction time showing a
slower kinetic of grafting comparatively to SnOct2. At
the same time, the third distribution, with the higher elu-
tion time, proves again that PC chains are cut. Anymore,
the grafted KFG does not observe a decrease in the PC
grafts length by a shift of the ﬁrst distribution to longer
elution times. The rheological analyses (Figure 9) show
a ﬁne structure anyway that cannot be observed by
microscopy, but the percolation effect observed through
the loss and storage modulus that are less pronounced
than with SnOct2. The values of modulus are also lower
than blank modulus, respecting the same explanation
given with SnOct2.
In conclusion, Ti(OBu)4 and SHBS are not efﬁcient
enough to catalyze the PC grafting onto the KFG
because the microstructures observed by SEM and the
rheological properties do not evolve comparatively to the
blank. Both the TBD and SnOct2 allow to obtain very
ﬁne microstructures and nodules percolation due to both
the PC grafting onto the SEBS with the scission and
reorganization of PC chains by a carbonate-carbonate
Figure 7. Storage modulus (G′) and loss modulus (G′′) vs.
frequency at 220 °C: . G′ r G′′; PC +KFG+SnOct2 (49.81/
49.81/0.37wt%): d G′ s G′′ after 63min of reaction in
internal mixer (220 °C, 30 rpm).
Figure 8. Normalized SEC chromatograms in TCB at 160 °C
for PC+KFG+TBD (49.96/49.96/0.09wt%) blended in
internal mixer at 220 °C, 30 rpm at different reaction times d
5min; s 35min; . 63min.
Figure 9. Storage modulus (G′) and loss modulus (G′′) vs.
frequency at 220 °C: . G′ r G′′; PC +KFG+TBD (49.96/
49.96/0.09wt%): d G′ s G′′ after 63min of reaction in
internal mixer (220 °C, 30 rpm).
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exchange reactions that lead to a redistribution of the PC
chains length. A study to determine the real mechanism
of reaction for each catalyst is not the aim of this work
but the plausible reactions, presented by both the
Schemes 1 and 2, are coherent with the experimental
observations. Therefore, a difference exists between these
catalysts. The SnOct2 appears kinetically more efﬁcient
than TBD to graft PC chains but side reactions, which
involve the KFG–g–PC with SnOct2, require an accurate
control of the reaction time to limit them. Short resi-
dence times are commonly obtained by reactive extru-
sion, and then, SnOct2 seems to be the best candidate to
perform this reactions by this process. To complete the
characterizations of these materials, the thermal proper-
ties of the blends have been studied by both DSC and
DMA.
Impact of the grafting on thermal properties
As the molar masses studied before, the thermal proper-
ties of the reactive systems evolve with both the reaction
time and the used catalyst. They are summarized in the
Table 4.
DSC analysis
As the Tg of the PEB phase does not evolve with the
grafting, and the Tg of the PS blocks does not appear,
the study is focused on the glass transition temperature
of the PC phase. Its evolution for each reactive blend in
function of the reaction time is depicted in the Figure 10.
With SHBS and Ti(OBu)4, the PC glass transition
temperature remains unchanged and near the blank with-
out catalyst (between 150 and 153 °C). This is in agree-
ment with the observations made by SEC. In the case of
the reactive blends with TBD, the glass transition tem-
perature decreases during the reaction time from 145 to
140 °C. After only 3min, the transition temperature
decreases to 145 °C, proving that the molecular weights
of the PC chains decrease with the reaction time, in
accordance with the SEC analyses conclusions.
With the SnOct2, the Tg decreases from 133 °C to
106 °C, this blend is the only one which showed the
apparition of the PC melting peak. The evolution of the
melt temperature is about the same as the glass tempera-
ture (Table 5).
The PC melting point is observed between 236 °C
and 217 °C. The crystallization temperature of PC may
be independent of the molar mass however the crystalli-
zation kinetic depends strongly on the length of the
chains and hence their mobility.[70] The crystallization
is favorably observed for PC chains mixed with low
molecular weight polymers.[71] In this study, SEC anal-
yses prove that there are cleavages of the homopolymer
PC chains, which increase the kinetic of crystallization.
Indeed, a faster chain motion will lead to a better and
easier organization of the polymer during crystallization.
The PC grafts should not be involved, since they have a
reduced mobility, due to their linkage to the SEBS.
From the evolution of the enthalpy, the free PC chains
are more numerous at small reaction time. This conclu-
sion is opposed to the SEC analysis ones, because the
curves show that there is more small molecular weight
chains when the reaction time increases. However, the
SEC analyse conclusions describes the cut of the PC
grafts surrounding the KFG nodules. The free PC seg-
ments resulting from this mechanism are very unlikely
able to organize and so crystallize, because the nodules
hinder their mobility. In fact, it seems that the PC chains
in the matrix are cut at the beginning of the reaction.
Then, they can organize themselves to form crystallites.
After 4.5min, the carbonate–carbonate reactions lead to
PC segments showing higher molecular weight and so,
trouble the crystallization. In the same time, other little
PC segments (seen by SEC) are formed around the
KFG nodules, but, as the microstructure and the percola-
tion of the KFG nodules are already determined, they
are not able to move and join each other in crystallites
domains.
Table 4. Thermal properties for the native PC and KFG, blank PC+KFG (50/50wt%), and the reactive blends with TBD (0.09wt%), Ti
(OBu)4 (0.31wt%), SnOct2 (0.37wt%) and SHBS (0.16wt%) mixed in an internal mixer at 220 °C and 30 rpm during 63min.
Measured by DSC Measured by DMA
Tg (PEB)
⁄ Tg (PC) Tα (PEB) Tα Tα (PS) Tα (PC)
KFG 52 – 50 83 112 –
PC – 155 – – – 146
PC+KFG 54 153 57 85 107 149
TBD 54 140 58 81 108 131
Ti(OBu)4 55 151 55 84 107 150
SnOct2 53 106 55 92 155
SHBS 53 154 55 86 106 147
⁄PEB: poly(ethylene-butylene) from SEBS–g–MAH.
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DMA analysis
The transition temperature Tα summarized in the Table 4
are measured at the maximum of tan(δ) peak. The
heating ramp started at 100 °C, and the ﬁrst transition
temperature can be easily attributed to the poly(ethylene-
butylene) blocks of the KFG copolymer. Its value is
around 55 °C and does not change (within experimen-
tal errors) for the different reactive blends.
The ﬁnal transition around 150 °C is due to the relax-
ation of the PC chains, and is its alpha transition. This
transition temperature remains stable with most of the
catalysts, even for the blend catalyzed with SnOct2 (con-
trary to the DSC observations). When TBD is used, the
transition temperature decreases from 150 to 130 °C.
This is in accordance with the SEC analyses and the
thermal analyses, where the same observations are made.
With TBD, PC chains are cut during the reaction, result-
ing in the decrease in the Tα PC transition.
Around 85 and 105 °C, instead of one simple transi-
tion attributed to the polystyrene phase, two transitions
appear. Huy et al. [72] observed the same phenomenon
on some linear SBS triblock copolymers. They attributed
it to the presence of two polystyrene separated phase.
However, they were not able to observe the PS blocks in
the PB phase by microscopic methods in their case. But
they observed them clearly in a SBS star block copoly-
mer having the similar chemical composition.
Both these transition temperatures do not evolve with
the nature of the catalyst, except for the blends catalyzed
with SnOct2. For this blend, only one transition is
observed with an intermediate value (92 °C) and a
widely higher amplitude compared with the other blends.
The reaction that takes place in this blend modiﬁed the
organization between PS and PEB domains.
To conclude, no evolutions are found for the reactive
systems using SHBS or Ti(OBu)4 in comparison with
the unreactive blend. Despite the SEC results (showing
apparition of high molar mass polymers for the SHBS)
no changes are observed, neither in DSC nor by DMA
analyses.
The decrease in the PC transition temperature
observed by both DMA and DSC analyses for the reac-
tive blend with TBD is in direct relation with the small
molar masses characterized by SEC resulting from their
cut during the grafting reaction. It seems that the PC
chains are the most affected by the scission with this cat-
alyst.
The case of the reactive systems using SnOct2 is
more complex. With DSC analyses, the Tg of the poly-
carbonate phase decreases drastically during the mixing
(loss of about 30 °C) and even a melting peak appears.
Both these observations lead to the same conclusion than
with the TBD, the scission of the polycarbonate chains
affect the thermal properties of the PC phase. But, by
the DMA analyses, this transition temperature does not
change. Only the intermediate (PS phase) transition tem-
peratures evolve.
Conclusion
The reactions between carbonate and anhydride functions
in PC and KFG mixtures have been lighted. The efﬁ-
ciency of TBD, SHBS, SnOct2, and Ti(OBu)4 have been
comparatively investigated as catalyst of this reaction in
internal mixer at 220 °C. A simple weight loss test shows
that some unmodiﬁed KFG and PC remained in the
blends. SEC analyses, correlated with rheological fre-
quency sweep tests at 220 °C permitted to make strong
assumptions about the kinetic of grafting reactions. The
microstructural observations support these conclusions.
The ﬁnal study of the effect of the reactions on the ther-
mal properties of the blends is in accordance with the
previous hypothesis about the reaction mechanisms. As
Figure 10. Evolution of PC Tg (measured by DSC,
10 °Cmin1) vs. reaction time, in an internal mixer at 220 °C
and 30 rpm in the blend: d PC+KFG without catalyst
(50/50wt%); . PC+KFG+SHBS (49.92/49.92/0.16wt%); j
PC+KFG+Ti(OBu)4 (49.84/49.84/0.31wt%); r PC+KFG
+SnOct2 (49.81/49.81/0.37wt%); ▲ PC+KFG+TBD (49.96/
49.96/0.09wt%).
Table 5. Melting point attributed to the PC chains (measured
by DSC) for the reactive systems PC+KFG+SnOct2 (49.81/
49.81/0.37wt%) at different times of reaction in internal mixer
at 220 °C, 30 rpm.
Time (min) Melting temperature (°C) ΔH (J/g)
4,5 236 16,81
15 222 6,63
25 222 4,59
35 220 6,18
45 218 7,29
55 217 6,62
63 217 7,71
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Ti(OBu)4 appears as totally inefﬁcient in these reaction
conditions, SHBS shows some effects on the reactive
blend. Unfortunately, they are not explicit enough to
approve its efﬁciency. On the contrary, TBD and SnOct2
as catalysts show evidences of both SEBS–g–PC synthe-
sis and PC chains scissions as expected during the reac-
tion. The rheological analyses depict very ﬁne
dispersions and a strong percolation effect. Their thermal
properties are affected by the grafting reactions which
take place in the internal mixer, even if their mechanisms
seem to be quite different. Both of them are chosen to
be tested in the reactive extrusion process and will be
presented in a next article.
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